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FIG. 6
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9,565,453, 1ssued on Feb. 7, 2017, which 1s a National Stage
Entry of PCT/KR2012/005087 filed on Jun. 27, 2012, which
claims the benefit of U.S. provisional patent application No.
61/502,038 filed on Jun. 28, 2011, 1n the U.S. Patent and
Trademark Office, the entire disclosures of which are herein
incorporated by reference in their entireties.

TECHNICAL FIELD

Exemplary embodiments relate to video encoding and
video decoding involving arithmetic encoding and arithme-
tic decoding, respectively.

BACKGROUND OF THE RELATED ART

As hardware for reproducing and storing high resolution
or high quality video content 1s being developed and sup-
plied, a need for a video codec for eflectively encoding or
decoding the high resolution or high quality video content 1s
increasing. In a conventional video codec, a video 1s
encoded according to a limited encoding method based on a
macroblock having a predetermined size.

Image data of a spatial domain 1s converted to coeflicients
of a frequency region by using a frequency conversion
method. A video codec encodes frequency coellicients in
units of blocks by dividing an 1mage into a plurality of
blocks having a predetermined size and performing discrete
cosine transformation (DCT) conversion for rapid operation
of frequency conversion. The coeflicients of the frequency
region are easily compressed compared to the image data of
the spatial domain. In particular, a pixel value of an 1image
in the spatial domain is represented as a prediction error, and
thus, 1f frequency conversion is performed on the prediction
error, a large amount of data may be converted to 0. A video
codec converts data that i1s continuously and repeatedly
generated into smaller data to reduce an amount of data.

SUMMARY

Exemplary embodiments provide a method and apparatus
for performing arithmetic encoding and arithmetic decoding
of a video by classitying a symbol into prefix and sutlix bit
strings.

According to an aspect of an exemplary embodiment,
there 1s provided a method of decoding a video through
symbol decoding, the method including: parsing symbols of
image blocks from a received bitstream; classitying a cur-
rent symbol 1nto a prefix bit string and a suflix bit string
based on a threshold value determined according to a size of
a current block; performing arithmetic decoding of the prefix
bit string and the suflix bit string by using respective
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arithmetic decoding methods determined for each of the
prefix bit string and the suflix bit string; performing 1inverse
binarization of the prefix bit string and the suflix bit string
by using respective binarization methods determined for
cach of the prefix bit string and the suilix bit string; and
restoring the image blocks by performing an mverse trans-
formation operation and a prediction operation on the cur-
rent block by using the current symbol restored through the
arithmetic decoding and the inverse binarization.

Efficiency of a symbol encoding/decoding process 1s
improved by performing a binarization method havmg
relatively small amount of operation burden on the suilix
region or the suflix bit string or by omitting the context
modeling during the context-based arithmetic encoding/
decoding for symbol encoding/decoding.

The performing of the mverse binarization may include
restoring a prefix region and a suihix region of the current
symbol by performing the inverse binarization according to
the respective binarization methods determined for each of
the prefix bit string and the suilix bit string.

The performing of the arithmetic decoding may include:
performing arithmetic decoding for determining context
modeling on the prefix bit string according to locations of
bits; and performing arithmetic decoding for omitting the
context modeling on the sutlix bit string 1n a bypass mode.

The performing of the arithmetic decoding may include
performing the arithmetic decoding by using a context of a
predetermined index that 1s previously allocated to locations
of bits of the prefix bit string, when the symbol 1s final
coellicient position information of a transformation coetl-
cient.

The current symbol may include at least one of an intra
prediction mode and final coeflicient position information of
the current block.

The binarnization method further may include at least one
selected from the group consisting of unary binarization,
truncated unary binarization, exponential golomb binariza-
tion, and fixed length binarization.

According to another aspect of an exemplary embodi-
ment, there 1s provided a method of encoding a video
through symbol encoding, the method including: generating
symbols by performing a prediction operation and a trans-
formation operation on image blocks; classifying a current
symbol 1nto a prefix region and a suihix region based on a
threshold value determined according to a size of a current
block; generating a prefix bit string and a suilix bit string by
using respective binarization methods determined for each
of the prefix region and the suflix region; performing symbol
encoding of the prefix bit string and the suflix bit string by
using respective arithmetic encoding methods determined
for each of the prefix bit string and the suflix bit string; and
outputting bit strings generated through the symbol encod-
ing in the form of bitstreams.

The performing of the symbol encoding may include:
performing the symbol encoding on the prefix bit string by
using an arithmetic encoding method for performing context
modeling according to locations of bits; and performing the
symbol encoding on the suflix bit string by using an arith-
metic encoding method for omitting the context modeling in
a bypass mode.

The performing of the symbol encoding may include
performing the arithmetic encoding by using a context of a
predetermined index that 1s previously allocated to locations
of bits of the prefix bit string, when the symbol 1s final
coellicient position information of a transformation coetl-
cient.
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The current symbol may include at least one of an intra
prediction mode and final coeflicient position information of
the current block.

The binarization method may further include at least one
selected from the group consisting ol unary binarization,
truncated unary binarization, exponential golomb binariza-
tion, and fixed length binarization.

According to another aspect of an exemplary embodi-
ment, there 1s provided an apparatus configured to decode a
video through symbol decoding, the apparatus including: a
parser configured to parse symbols of image blocks from a
received bitstream; a symbol decoder configured to classily
a current symbol into a prefix bit string and a suflix bit string
based on a threshold value determined according to a size of
a current block, and to perform arithmetic decoding of the
prefix bit string and the suflix bit string by using respective
arithmetic decoding methods determined for each of the
prefix bit string and the suthx bit string, and to perform
inverse binarization of the prefix bit string and the suflix bit
string by using respective binarization methods determined
for each of the prefix bit string and the suflix bit string; and
an 1mage restorer configured to restore the image blocks by
performing an inverse transformation operation and a pre-
diction operation on the current block by using the current
symbol restored through the arithmetic decoding and the
inverse binarization.

According to another aspect of an exemplary embodi-
ment, there 1s provided an apparatus configured to encode a
video through symbol encoding, the apparatus including: an
image encoder configured to generate symbols by perform-
ing prediction and transformation on image blocks; a symbol
encoder configured to classily a current symbol 1nto a prefix
region and a sullix region based on a threshold value
determined according to a size of a current block, and to
generate a prefix bit string and a sufhix bit string by using
respective binarization methods determined for each of the
prefix region and the suflix region, and to perform symbol
encoding of the prefix bit string and the suflix bit string by
using arithmetic encoding methods determined for each of
the prefix bit string and the suflix bit string; and a bitstream
outputter configured to output bit strings generated through
the symbol encoding 1n the form of bitstreams.

According to another aspect of an exemplary embodi-
ment, there 1s provided a non-transitory computer readable
recording medium having embodied thereon a computer
program for executing the method of decoding a video
through symbol decoding.

According to another aspect of an exemplary embodi-
ment, there 1s provided a non-transitory computer readable
recording medium having embodied thereon a computer
program for executing the method of encoding a video
through symbol encoding.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram of a video encoding apparatus,
according to an exemplary embodiment;

FIG. 2 15 a block diagram of a video decoding apparatus,
according to an exemplary embodiment of the present
imnvention;

FIGS. 3 and 4 are diagrams for describing arithmetic
encoding by classifying a symbol 1nto a prefix bit string and
a suihix bit string according to a predetermined threshold
value, according to an exemplary embodiment;

FIG. 5 1s a flowchart for describing a video encoding
method, according to an exemplary embodiment;
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FIG. 6 1s a flowchart for describing a video decoding
method, according to an exemplary embodiment;

FIG. 7 1s a block diagram of a video encoding apparatus
based on coding unmits having a tree structure, according to
an exemplary embodiment;

FIG. 8 15 a block diagram of a video decoding apparatus
based on a coding unit having a tree structure, according to
an exemplary embodiment;

FIG. 9 1s a conceptual diagram of coding units, according,
to an exemplary embodiment;

FIG. 10 1s a block diagram of an 1mage encoder based on
coding units, according to an exemplary embodiment;

FIG. 11 1s a block diagram of an 1image decoder based on
coding units, according to an exemplary embodiment;

FIG. 12 1s a diagram showing coding units according to
depths and partitions, according to an exemplary embodi-
ment,

FIG. 13 1s a diagram for describing a relationship between
a coding unit and transformation units, according to an
exemplary embodiment;

FIG. 14 1s a diagram for describing encoding information
of coding unmits according to depths, according to an exem-
plary embodiment;

FIG. 15 1s a diagram showing coding units according to
depths, according to an exemplary embodiment;

FIGS. 16 to 18 are diagrams for describing a relationship
between coding units, prediction units, and transformation
units, according to an exemplary embodiment; and

FIG. 19 1s a diagram for describing a relationship between
a coding unit, a prediction unit, and a transformation unit
according to encoding mode information of Table 1.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Heremaiter, the exemplary embodiments will be
described more fully with reference to the accompanying
drawings, 1n which exemplary embodiments are shown.
Expressions such as “at least one of,” when preceding a list
of elements, modily the entire list of elements and do not
modily the imndividual elements of the list.

A video encoding method involving arithmetic encoding
and a video decoding method involving arithmetic decoding
according to an exemplary embodiment will be described
with reference to FIGS. 1 to 6. Also, a video encoding
method 1volving arithmetic encoding and a video decoding
method 1nvolving arithmetic decoding based on coding units
having a tree structure according to an exemplary embodi-
ment will be described with reference to FIGS. 7 to 19.
Heremnafter, an ‘image’ may refer to a still image of a video
or a movie, that 1s, a video itself.

Hereinaftter, a video encoding method and a video decod-
ing method based on a prediction method 1n an 1ntra pre-
diction mode, according to an exemplary embodiment, will
be described with reference to FIGS. 1 to 6.

FIG. 1 1s a block diagram of a video encoding apparatus
10, according to an exemplary embodiment.

The video encoding apparatus 10 may encode video data
of a spatial domain through intra prediction/inter prediction,
transformation, quantization, and symbol encoding. Herein-
alter, operations occurring when the video encoding appa-
ratus 10 encodes symbols generated by the intra prediction/
inter prediction, the transformation, and the quantization
through arithmetic encoding will be described 1n detail.

The video encoding apparatus 10 includes an 1mage
encoder 12, a symbol encoder 14, and a bitstream output unit
16 (e.g., bitstream outputter).
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The video encoding apparatus 10 may split image data of
a video 1nto a plurality of data units and encode the image
data according to the data units. The data unit may have a
square shape or a rectangular shape, or may be an arbitrary
geometric shape, but the data unit 1s not limited to a data unit
having a predetermined size. According to the video encod-
ing method based on the coding units having a tree structure,
a data unit may be a maximum coding unit, a coding unit, a
prediction unit, a transformation unit, or the like. An
example where an arithmetic encoding/decoding method
according to an exemplary embodiment 1s used in the video
encoding/decoding method based on the coding units having

a tree structure will be described with reterence to FIGS. 7
to 19.

For convenience of description, a video encoding method
for a ‘block’ which 1s a kind of data unit will be described
in detail. However, the video encoding method according to
various exemplary embodiments 1s not limited to the video
encoding method for the ‘block’, and may be used for
various data units.

The 1image encoder 12 performs operations, such as intra
prediction and inter prediction, transformation, or quantiza-
tion, on 1image blocks to generate symbols.

The symbol encoder 14 classifies a current symbol 1nto a
prefix region and a suilix region based on a threshold value
determined according to a size of a current block to encode
the current symbol from among the symbols generated
according to the blocks. The symbol encoder 14 may deter-
mine the threshold value for classitying the current symbol
into the prefix region and the suthx region based on at least
one of a width and a height of the current block.

The symbol encoder 14 may determine a symbol encod-
ing method for each of the prefix region and the sullix region
and encode each of the prefix region and the suilix region
according to the symbol encoding method.

Symbol encoding may be divided into a binarization
process for transforming a symbol into bit strings and an
arithmetic encoding process for performing context-based
arithmetic encoding on the bit strings. The symbol encoder
14 may determine a binarization method for each of the
prefix region and the suflix region of the symbol and perform
binarization on each of the prefix region and the suihx region
according to the binarization method. A prefix bit string and
a suihx bit string may be generated from the prefix region
and the suflix region, respectively.

Alternatively, the symbol encoder 14 may determine an
arithmetic encoding method for each of the prefix bit string
and the suflix bit string of the symbol and perform arithmetic
encoding on each of the prefix bit string and the suflix bit
string according to the arithmetic encoding method.

Also, the symbol encoder 14 may determine a binariza-
tion method for each of the prefix region and the suflix
region of the symbol and perform binarization on each of the
prefix region and the suilix region according to the bina-
rization method, and may determine an arithmetic encoding
method for each of the prefix bit string and the suilix bit
string of the symbol and perform arithmetic encoding on the
prefix bit string and the suffix bit string according to the
arithmetic encoding method.

The symbol encoder 14 according to an exemplary
embodiment may determine a binarization method for each
of the prefix region and the suflix region. The binarization
methods determined for the prefix region and the suflix
region may be different from each other.

The symbol encoder 14 may determine an arithmetic
encoding method for each of the prefix bit string and the
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suilix bit string. The arithmetic encoding methods deter-
mined for the prefix bit string and the suflix bit string may
be different from each other.

Accordingly, the symbol encoder 14 may binarize the
prefix region and the suilix region by using different meth-
ods only 1n a binarization process ol a symbol decoding
process, or may encode the prefix bit string and the sutlix bit
string by using different methods only in an arnthmetic
encoding process. Also, the symbol encoder 14 may encode
the prefix region (prefix bit string) and the suflix region
(suthix bit string) by using different methods i both the
binarization and arithmetic encoding processes.

The selected binarization method may be at least one of
general binarization, unary binarization, truncated unary
binarization, exponential golomb binarization, and fixed
length binarization methods.

The symbol encoder 14 may perform symbol encoding by
performing arithmetic encoding for performing context
modeling on the prefix bit string according to locations of
bits and by performing arithmetic encoding for omitting
context modeling on the suflix bit string 1n a bypass mode.

The symbol encoder 14 may individually perform the
symbol encoding on the prefix region and the suflix region
with respect to symbols including at least one of an intra
prediction mode and final coeflicient position information of
a transformation coeflicient.

The symbol encoder 14 may also perform the arithmetic
encoding by using a context of a predetermined 1ndex that 1s
previously allocated to the prefix bit string. For example, the
symbol encoder 14 may perform arithmetic encoding by
using a context of a predetermined 1index that 1s previously
allocated to each location of the bits of the prefix bit string
when the symbol 1s final coethlicient position information of
the transformation coeflicient.

The bitstream output unit 16 outputs bit strings generated
through the symbol encoding in the form of bitstreams.

The video encoding apparatus 10 may perform arithmetic
encoding on symbols of blocks of a video and output the
symbols.

The video encoding apparatus 10 may include a central
processor (not shown) for controlling each of the image
encoder 12, the symbol encoder 14, and the bitstream output
umt 16. Alternatively, the image encoder 12, the symbol
encoder 14, and the bitstream output unit 16 may be oper-
ated by processors (not shown) respectively installed
therein, and the entire video encoding apparatus 10 may be
operated by systematically operating the processors (not
shown). Alternatively, the image encoder 12, the symbol
encoder 14, and the bitstream output unit 16 may be con-
trolled by an external processor (not shown) of the video
encoding apparatus 10.

The video encoding apparatus 10 may include at least one
data storage unit (not shown) for storing data that 1s mput/
output to/from the 1mage encoder 12, the symbol encoder
14, and the bitstream output unit 16. The video encoding
apparatus 10 may include a memory controller (not shown)
for controlling input/output of data stored 1n the data storage
unit (not shown).

The video encoding apparatus 10 1s operated by being
linked with an internal video encoding processor or an
external video encoding processor to perform video encod-
ing including prediction and transformation, thereby output-
ting a result of the video encoding. The internal video
encoding processor of the video encoding apparatus 10 may
perform a basic video encoding operation not only by using
a separate processor, but also by including a video encoding
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processing module in the video encoding apparatus 10, a
central operating apparatus, or a graphic operating appara-
tus.

FIG. 2 1s a block diagram of a video decoding apparatus
20, according to an exemplary embodiment.

The video decoding apparatus 20 may decode the video
data encoded by the video encoding apparatus 10 through
parsing, symbol decoding, inverse quantization, nverse
transformation, intra prediction/motion compensation, etc.
and restore the video data close to the original video data of
the spatial domain. Hereinatter, a process in which the video
decoding apparatus 20 performs arithmetic decoding on the
parsed symbols from a bitstream to restore the symbols will
be described.

The video decoding apparatus 20 includes a parser 22, a
symbol decoder 24, and an 1mage restoring unit 26 (e.g.,
1mage restorer).

The video decoding apparatus 20 may receive a bitstream
including encoded data of a video. The parser 22 may parse
symbols of image blocks from the bitstream.

The parser 22 may parse the symbols encoded through
arithmetic encoding with respect to the blocks of the video
from the bitstream.

The parser 22 may parse symbols including an intra
prediction mode of the block of the video, final coeflicient
position mnformation of a transformation coeflicient, eftc.
from the received bitstream.

The symbol decoder 24 determines a threshold value for
classitying a current symbol into a prefix bit string and a
suilix bit string. The symbol decoder 24 may determine the
threshold value for classifying the current symbol nto the
prefix bit string and the suthx bit string based on a size of a
current block, that 1s, at least one of a width and a height of
the current block. The symbol decoder 24 determines an
arithmetic decoding method for each of the prefix bit string
and the sufhix bit string. The symbol decoder 24 performs
symbol decoding by using the arithmetic decoding method
determined for each of the prefix bit string and the suilix bit
string.

The anthmetic decoding methods determined for the
prefix bit string and the suthx bit string may be different
from each other.

The symbol decoder 24 may determine a binarization
method for each of the prefix bit string and the suilix bit
string of the symbol. Accordingly, the symbol decoder 24
may perform inverse binarization on the prefix bit string of
the symbol by using the binarization method. The binariza-
tion methods determined for the prefix bit string and the
suilix bit string may be diflerent from each other.

Also, the symbol decoder 24 may perform arithmetic
decoding by using the arithmetic decoding method deter-
mined for each of the prefix bit string and the suflix bit string,
of the symbol, and may perform inverse binarization by
using the binarization method determined for each of the
prefix bit string and the suthx bit string generated through
the arithmetic decoding.

Accordingly, the symbol decoder 24 may decode the
prefix bit string and the suflix bit string by using different
methods only 1n an arithmetic decoding process of a symbol
decoding process, or may perform inverse binarization by
using different methods only 1 an inverse binarization
process. Also, the symbol decoder 24 may decode the prefix
bit string and the suthx bit string by using different methods
in both the anthmetic decoding and inverse binarization
processes.

The binarization method determined for each of the prefix
bit string and the suflix bit string of the symbol may not only
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be a general binarization method, but may also be at least
one ol unary binarization, truncated unary binarization,
exponential golomb binarization, and fixed length binariza-
tion methods.

The symbol decoder 24 may perform arithmetic decoding
for performing context modeling on the prefix bit string
according to locations of bits. The symbol decoder 24 may
use an arithmetic decoding method for omitting context
modeling on the suflix bit string 1n a bypass mode. Accord-
ingly, the symbol decoder 24 may perform symbol decoding
through the arithmetic decoding performed on each of the
prefix bit string and the suflix bit string of the symbol.

The symbol decoder 24 may perform the arithmetic
decoding on the prefix bit string and the suflix bit string of
symbols 1ncluding at least one of an intra prediction mode
and final coeflicient position information of a transformation
coellicient.

The symbol decoder 24 may perform arithmetic decoding
by using a context of a predetermined index that 1s previ-
ously allocated according to locations of the bits of the prefix
bit string when the symbol 1s mformation about the final
coellicient position of the transformation coeflicient.

The 1mage restoring umit 26 may restore a prefix region
and a suthx region of a symbol by performing the arithmetic
decoding and the mnverse binarization on each of the prefix
bit string and the suflix bit string. The 1mage restoring unit
26 may restore the symbol by synthesizing the prefix region
and the suihix region of the symbol.

The 1image restoring unit 26 performs inverse transforma-
tion and prediction on the current block by using the current
symbol restored through the arithmetic decoding and the
inverse binarization. The image restoring unit 26 may
restore 1mage blocks by performing operations, such as
inverse quantization, mverse transformation, or itra predic-
tion/motion compensation, by using the corresponding sym-
bols for each of the image blocks.

The video decoding apparatus 20 according to an exem-
plary embodiment may include a central processor (not
shown) for controlling each of the parser 22, the symbol
decoder 24, and the image restoring unit 26. Alternatively,
the parser 22, the symbol decoder 24, and the 1mage restor-
ing unit 26 may be operated by processors (not shown)
respectively installed therein, and the entire video decoding
apparatus 20 may be operated by systematically operating
the processors (not shown). Alternatively, the parser 22, the
symbol decoder 24, and the image restoring unit 26 may be
controlled by an external processor (not shown) of the video
decoding apparatus 20.

The video decoding apparatus 20 may include at least one
data storage unit (not shown) for storing data that 1s mput
and output to and from the parser 22, the symbol decoder 24,
and the 1mage restoring unit 26. The video decoding appa-
ratus 20 may include a memory controller (not shown) for
controlling input/output of data stored in the data storage
unit (not shown).

The video decoding apparatus 20 1s operated by being
linked with an internal video decoding processor or an
external video decoding processor to perform video decod-
ing including inverse transformation. The internal video
decoding processor of the video decoding apparatus 20 may
perform a basic video decoding operation not only by using
a separate processor, but also by including a video decoding
processing module 1n the video decoding apparatus 20, a
central operating apparatus, or a graphic operating appara-
tus.

Context-based adaptive binary arithmetic coding (CA-
BAC) 1s widely used as an arithmetic encoding and decod-
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ing method based on a context for symbol encoding and
decoding. According to the context-based arithmetic encod-
ing and decoding, each bit of a symbol bit string may be a
bin of a context, and a location of each bit may be mapped
to a bin index. A length of the bit string, that 1s, a length of
the bin, may vary according to a size of a symbol value.
Context modeling for determining a context of a symbol 1s
required to perform the context-based arithmetic encoding
and decoding. The context 1s renewed according to locations
ol bits of the symbol bit string, that 1s, 1n each bin index, to
perform the context modeling, and thus a complicated
operation process 1s required.

According to the video encoding apparatus 10 and the
video decoding apparatus 20 described with reference to
FIGS. 1 and 2, the symbol 1s classified into the prefix region
and the suilix region, and a relatively simple binarization
method may be used for the sullix region compared to the
prefix region. Also, the anthmetic encoding and decoding
through the context modeling 1s performed on the prefix bit
string, and the context modeling 1s not performed on the
suilix bit string, and thus a burden of an operation amount
tor the context-based arithmetic encoding and decoding may
be reduced. Accordingly, the video encoding apparatus 10
and the video decoding apparatus 20 may improve efliciency
of a symbol encoding and decoding process by performing
a binarization method having a relatively small amount of
operation burden on the suthix region or the suthx bit string
or by omitting the context modeling during the context-
based arithmetic encoding and decoding for symbol encod-
ing and decoding.

Hereinafter, various exemplary embodiments for arithme-
tic encoding that may be performed by the video encoding
apparatus 10 and the video decoding apparatus 20 will be
described.

FIGS. 3 and 4 are diagrams for describing arithmetic
encoding by classifying a symbol 1nto a prefix bit string and
a suihix bit string according to a predetermined threshold
value, according to an exemplary embodiment.

Referring to FIG. 3, a process of performing symbol
encoding, according to an exemplary embodiment, on final
coellicient position information of a symbol will be
described in detail. The final coeflicient position information
1s a symbol representing a location of a final coeflicient, not
0, from among transformation coeflicients of a block. Since
a size of the block 1s defined as a width and a height, the final
coellicient position information may be represented by two-
dimensional coordinates, that 1s, an x-coordinate 1n a width
direction and a y-coordinate i a height direction. For
convenience of description, FIG. 3 shows a case where
symbol encoding 1s performed on the x-coordinate in the
width direction from among the final coeflicient position
information when a width of a block 1s w.

A range of the x-coordinate of the final coetlicient position
information 1s within the width of the block, and thus the
x-coordinate of the final coeflicient position mformation 1s
equal to or greater than 0 and equal to or less than w-1. For
the arithmetic encoding of the symbol, the symbol may be
classified into a prefix region and a suihx region based on a
predetermined threshold wvalue th. Thus, the arithmetic
encoding may be performed on the prefix bit string 1n which
the prefix region 1s binarized, based on the context deter-
mined through the context modeling. Also, the arithmetic
encoding may be performed on the suilix bit string in which
the suilix region 1s binarized, 1n a bypass mode in which the
context modeling 1s omuitted.

Here, the threshold value th for classifying the symbol
into the prefix region and the suflix region may be deter-
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mined based on the width w of the block. For example, the
threshold value th may be determined to be (w/2)-1 to
divide the bit string by two (threshold value determination
formula 1, shown below). Alternatively, the width w of the
block generally has a square of 2, and thus the threshold
value th may be determined based on a log value of the width
w (threshold value determination formula 2, shown below).

th=(w/2)-1;

<threshold value determination formula 1>

th=(log 2w<<1)-1; <threshold value determination formula 2>

In FIG. 3, according to the threshold value determination
formula 1, when the width w of the block 1s &8, the formula
outputs threshold value th=(8/2)-1=3. Thus, in the x-coor-
dinate of the final coeflicient position information, 3 may be
classified as the prefix region, and the rest of values other
than 3 may be classified as the suilix region. The prefix
region and the suilix region may be binarized according to
the binarization method determined for each of the prefix
region and the suihx region.

When an x-coordinate N of current final coetlicient posi-
tion information 1s 5, the x-coordinate of the final coethicient
position information may be classified as N=th+2=3+2. In
other words, in the x-coordinate of the final coeflicient
position information, 3 may be classified as the prefix
region, and 2 may be classified as the sullix region.

According to an exemplary embodiment, the prefix region
and the sullix region may be binarized according to difierent
binarization methods determined for the prefix region and
the suthx region, respectively. For example, the prefix region
may be binarized according to a unary binarization method,
and the suihix region may be binarized according to a general
binarization method.

Accordingly, after 3 1s binarized according to the unary
binarization method, a prefix bit string 32 ‘0001” may be
generated from the prefix region, and after 2 1s binarized
according to the general binarization method, a suflix bat
string 34 ‘010 may be generated from the suflix region.

Also, context-based arithmetic encoding may be per-
formed on the prefix bit string 32 ‘0001” through context
modeling. Thus, a context index may be determined for each
bin of the prefix bit string 32 ‘0001,

Arithmetic encoding may be performed on the suflix bit
string 34 ‘010 1n a bypass mode without performing context
modeling. The anthmetic encoding may be performed with-
out performing the context modeling assuming that 1n the
bypass mode each bin has a context of an equal probability
state, that 1s, the context of 50%.

Accordingly, the context-based arithmetic encoding may
be performed on each of the prefix bit string 32 ‘0001” and
the suthix bit string 34 ‘010’ to complete the symbol encod-
ing with respect to the x-coordinate N of the current final
coellicient position mformation.

Although the exemplary embodiment in which the sym-
bol encoding i1s performed via the binarization and the
arithmetic encoding has been described, symbol decoding
may be performed 1n the same manner. In other words, a
parsed symbol bit string may be classified into a prefix bit
string and a suflix bit string based on the width w of the
block, the arithmetic decoding may be performed on the
prefix bit string 32 through the context modeling, and the
arithmetic decoding may be performed on the suflix bit
string 34 without performing the context modeling. Inverse
binarization may be performed on the prefix bit string 32
alter the arithmetic decoding by using the unary binarization
method, and the prefix region may be restored. Also, the
inverse binarization may be performed on the suflix bat
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string 34 after the arithmetic encoding by using the general
binarization method, and thus the suflix region may be
restored. The symbol may be restored by synthesizing the
restored prefix region and suilix region.

Although the exemplary embodiment 1n which the unary
binarization method 1s used for the prefix region (prefix bit
string) and the general binarization method 1s used for the
suilix region (suthx bit string) has been described, the
binarization method 1s not limited thereto. Alternatively, for
example, a truncated unary binarization method may be used
for the prefix region (prefix bit string), and a fixed length
binarization method may be used for the suflix region (suilix
bit string).

Although only the exemplary embodiment regarding the
final coetlicient position information in a width direction of
the block has been described, an exemplary embodiment
regarding a final coeflicient position information 1n a height
direction of the block may also be used.

Also, there 1s no need to perform context modeling on the
suilix bit string for performing the arithmetic encoding by
using a context having a fixed probability, but there may be
a need to perform variable context modeling on the prefix bit
string. The context modeling to be performed on the prefix
bit string may be determined according to a size of the block.

<Context Mapping Table>

Block Size Bin Index No. of Selected Context
4 x 4 0,1, 2,2
R x & 3,4,5,5
16 x 16 6,7, 8,9, 10, 10, 11,11
32 x 32 12,13, 14, 15, 16, 16, 16, 16, 17, 17, 17, 17, 18, 18, 18, 18

In the context mapping table, a location of each number
corresponds to the bin index of the prefix bit string, and the
number denotes a context index to be used 1n a location of
the corresponding bit. For convenience of description, for
example, 1n a 4x4 block, the prefix bit string 1s comprised of
a total of four bits, and when k 1s 0, 1, 2, and 3 according to
the context mapping table, the context indexes 0O, 1, 2, and
2 are determined for a k-th bin index, and thus arithmetic
encoding based on the context modeling may be performed.

FIG. 4 shows an exemplary embodiment in which an intra
prediction mode includes a luma intra mode and a chroma
intra mode indicating an intra prediction direction of a luma
block and a chroma block, respectively. When the intra
prediction mode 1s 6, a symbol bit string 40 ‘0000001” 1s
generated according to a unary binarization method. In this
case, arithmetic encoding may be performed on a first bit 41
‘0’ of the symbol bit string 40 of the intra prediction mode,
through context modeling, and arithmetic encoding may be
performed on the rest of bits 45 *000001” of the symbol bit
string 40, 1n a bypass mode. In other words, the first bit 41
of the symbol bit string 40 corresponds to a prefix bit string,
and the rest of bits 45 of the symbol bit string 40 correspond
to a suilix bit string.

How many bits of the symbol bit string 40 are encoded in
arithmetic encoding as the prefix bit string through the
context modeling and how many bits of the symbol bit string
40 are encoded 1n arithmetic encoding as the suilix bit string
in the bypass mode may be determined according to a size
of a block or a size of a set of blocks. For example, regarding
a 64x64 block, arithmetic encoding may be performed only
on a {irst bit from among bit strings of an intra prediction
mode, and arithmetic encoding may be performed on the rest
of bits 1n a bypass mode. Regarding blocks having other
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s1zes, arithmetic encoding may be performed on all bits of
the bit strings of the intra prediction mode in the bypass
mode.

In general, mnformation about bits close to a least signifi-
cant bit (LSB) 1s relatively less important than information
about bits close to a most significant bit (IMSB) of a symbol
bit string. Accordingly, the video encoding apparatus 10 and
the video decoding apparatus 20 may select an arithmetic
encoding method according to a binarization method having
a relatively high accuracy with respect to the prefix bit string
close to the MSB even though there 1s a burden of an
operation amount, and may select an arithmetic encoding
method according to a binarization method capable of
performing a simple operation with respect to the suilix bit
string close to the LSB. Also, the video encoding apparatus
10 and the video decoding apparatus 20 may select an
arithmetic encoding method based on context modeling with
respect to the prefix bit string and may select an arithmetic
encoding method, not performing context modeling, with
respect to the suflix bit string close to the LSB.

In the above description, the exemplary embodiment 1n
which binarization 1s performed on the prefix bit string and
the suthix bit string of the final coeflicient position informa-
tion of the transformation coeflicient by using different
methods has been described with reference to FIG. 3. Also,
the exemplary embodiment in which arithmetic encoding 1s
performed on the prefix bit string and the suthx bit string
from among the bit strings of the ntra prediction mode by
using different methods has been described with reference to
FIG. 4.

However, according to various exemplary embodiments,
a symbol encoding method in which binarization and arith-
metic encoding methods individually determined for the
prefix bit string and the suflix bit string are used or diflerent
binarization and arithmetic encoding methods are used is not
limited to the exemplary embodiments described with ret-
erence to FIGS. 3 and 4, and various binarization and
arithmetic encoding methods may be used for various sym-
bols.

FIG. § 1s a flowchart for describing a video encoding
method, according to an exemplary embodiment.

In operation 51, symbols are generated by performing
prediction and transformation on 1mage blocks.

In operation 33, a current symbol 1s classified into a prefix
region and a suilix region based on a threshold value
determined according to a size of a current block.

In operation 55, a prefix bit string and a suihix bit string
are generated by using binarization methods individually
determined for the prefix region and the sutlix region of the
symbol.

In operation 57, symbol encoding 1s performed by using
arithmetic encoding methods individually determined for
the prefix bit string and the suflix bit string.

In operation 59, bit strings generated through the symbol
encoding are output in the form of bitstreams.

In operation 57, the symbol encoding may be performed
on the prefix bit string by using an arithmetic encoding
method for performing context modeling according to loca-
tions of bits, and the symbol encoding may also be per-
formed on the suflix bit string by using an arithmetic
encoding method for omitting the context modeling 1n a
bypass mode.

In operation 57, when the symbol 1s final coeflicient
position information of a transformation coeflicient, the
arithmetic encoding may be performed by using a context of
a predetermined index that 1s previously allocated to the
locations of the bits of the prefix bit string.
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FIG. 6 1s a flowchart for describing a video decoding
method, according to an exemplary embodiment.

In operation 61, symbols of image blocks are parsed from
a recerved bitstream.

In operation 63, a current symbol 1s classified into a prefix
bit string and a suthix bit string based on a threshold value
determined according to a size of a current block.

In operation 65, arithmetic decoding 1s performed by
using an arithmetic decoding method determined for each of
the prefix bit string and the suihix bit string of the current
symbol.

In operation 67, after the arithmetic decoding, inverse
binarization 1s performed by using a binarization method
determined for each of the prefix bit string and the suilix bit
string.

The prefix region and the sulix region of the symbol may
be restored by performing the inverse binarization by using,
the binarization method determined for each of the prefix bit
string and the suflix bit string.

In operation 69, the image blocks may be restored by
performing 1nverse transformation and prediction on the
current block by using the current symbol restored through
the arithmetic decoding and the inverse binarization.

In operation 63, the arithmetic decoding for determinming,
the context modeling according to the locations of the bits
may be performed on the prefix bit string, and the arithmetic
decoding for omitting the context modeling may be per-
formed on the suilix bit string 1n a bypass mode.

In operation 65, when the symbol 1s the final coeflicient
position mformation of the transformation coeflicient, the
arithmetic decoding may be performed by using the context
of the predetermined 1ndex that 1s previously allocated to the
locations of the bits of the prefix bit string.

In the video encoding apparatus 10 according to an
exemplary embodiment and the video decoding apparatus 20
according to another exemplary embodiment, blocks 1n
which video data 1s split are split into coding umits having a
tree structure, prediction units are used to perform intra
prediction on the coding units, and a transformation unit 1s
used to transiform the coding units.

Hereinatiter, a method and apparatus for encoding a video
and a method and apparatus for decoding a video based on

a coding unit having a tree structure, a prediction unit, and
a transformation unit will be described.

FIG. 7 1s a block diagram of a video encoding apparatus
100 based on coding units having a tree structure, according
to an exemplary embodiment.

The video encoding apparatus 100 involving video pre-
diction based on the coding unit having a tree structure
includes a maximum coding unit splitter 110, a coding unit
determiner 120, and an output unit 130 (e.g., outputter). For
convenience of description, the video encoding apparatus
100 involving video prediction based on the coding unit
having a tree structure will be referred to as a video encoding,
apparatus 100.

The maximum coding unit splitter 110 may split a current
picture based on a maximum coding unit for the current
picture of an image. If the current picture 1s larger than the
maximum coding unit, image data of the current picture may
be split into the at least one maximum coding unit. The
maximum coding unit according to an exemplary embodi-
ment may be a data unit having a size of 32x32, 64x64,
128x128, 256x256, etc., wherein a shape of the data unit 1s
a square having a width and length 1n squares of 2. The
image data may be output to the coding unit determiner 120
according to the at least one maximum coding unit.
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A coding unit according to an exemplary embodiment
may be characterized by a maximum size and a depth. The
depth denotes a number of times the coding unit 1s spatially
split from the maximum coding unit, and as the depth
deepens, deeper coding units according to depths may be
split from the maximum coding unit to a minimum coding
unit. A depth of the maximum coding unit 1s an uppermost
depth and a depth of the mimmimum coding unit 1s a lower-
most depth. Since a size of a coding unit corresponding to
cach depth decreases as the depth of the maximum coding
unit deepens, a coding unmit corresponding to an upper depth
may include a plurality of coding units corresponding to
lower depths.

As described above, the 1mage data of the current picture
1s split into the maximum coding units according to a
maximum size of the coding unit, and each of the maximum
coding units may include deeper coding units that are split
according to depths. Since the maximum coding unit accord-
ing to an exemplary embodiment is split according to depths,
the 1image data of a spatial domain included 1n the maximum
coding unit may be hierarchically classified according to
depths.

A maximum depth and a maximum size of a coding unit,
which limit the total number of times a height and a width
of the maximum coding unit are hierarchically split, may be
predetermined.

The coding unit determiner 120 encodes at least one split
region obtained by splitting a region of the maximum coding
umt according to depths, and determines a depth to output
finally encoded image data according to the at least one split
region. In other words, the coding unit determiner 120
determines a coded depth by encoding the 1mage data 1n the
deeper coding units according to depths, according to the
maximum coding umt of the current picture, and selecting a
depth having the least encoding error. The determined coded
depth and the encoded 1mage data according to the deter-
mined coded depth are output to the output unit 130.

The 1image data 1n the maximum coding unit 1s encoded
based on the deeper coding units corresponding to at least
one depth equal to or below the maximum depth, and results
ol encoding the image data are compared based on each of
the deeper coding units. A depth having the least encoding
error may be selected after comparing encoding errors of the
deeper coding units. At least one coded depth may be
selected for each maximum coding unit.

The size of the maximum coding unit 1s split as a coding
unmit 1s hierarchically split according to depths, and as the
number of coding units increases. Also, even 1f coding units
correspond to a same depth 1n one maximum coding unit, 1t
1s determined whether to split each of the coding units
corresponding to the same depth to a lower depth by
measuring an encoding error of the image data of the each
coding unit, separately. Accordingly, even when image data
1s included 1n one maximum coding unit, the 1mage data 1s
split into regions according to the depths and the encoding
errors may differ according to regions in the one maximum
coding unit, and thus the coded depths may difler according
to the regions in the 1mage data. Thus, one or more coded
depths may be determined in one maximum coding unit, and
the 1mage data of the maximum coding unit may be divided
according to coding units of at least one coded depth.

Accordingly, the coding unit determiner 120 may deter-
mine coding units having a tree structure included in the
maximum coding unit. The ‘coding units having a tree
structure” according to an exemplary embodiment include
coding units corresponding to a depth determined to be the
coded depth, from among all deeper coding units included 1n
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the maximum coding unit. A coding unit of a coded depth
may be hierarchically determined according to depths in the
same region of the maximum coding unit, and may be
independently determined 1n different regions. Similarly, a
coded depth 1n a current region may be independently
determined from a coded depth 1n another region.

A maximum depth according to an exemplary embodi-
ment 1s an index related to the number of times splitting 1s
performed from a maximum coding unit to a minimum
coding unit. A first maximum depth according to an exem-
plary embodiment may denote the total number of times
splitting 1s performed from the maximum coding unit to the
mimmum coding unit. A second maximum depth according,
to an exemplary embodiment may denote the total number
of depth levels from the maximum coding unit to the
mimmum coding unit. For example, when a depth of the
maximum coding unit 1s 0, a depth of a coding unit, in which
the maximum coding unit 1s split once, may be set to 1, and
a depth of a coding unit, 1n which the maximum coding unit
1s split twice, may be set to 2. Here, if the minimum coding
unit 1s a coding unit 1n which the maximum coding unit 1s
split four times, 5 depth levels of depths 0, 1, 2, 3 and 4 exist,
and thus the first maximum depth may be set to 4, and the
second maximum depth may be set to 5.

Prediction encoding and transformation may be per-
formed according to the maximum coding unit. The predic-
tion encoding and the transformation are also performed
based on the deeper coding units according to a depth equal
to or depths less than the maximum depth, according to the
maximum coding unit.

Since the number of deeper coding units increases when-
ever the maximum coding unit 1s split according to depths,
encoding including the prediction encoding and the trans-
formation 1s performed on all of the deeper coding units
which are generated as the depth deepens. For convenience
ol description, the prediction encoding and the transforma-
tion will now be described based on a coding unit of a
current depth, 1n a maximum coding unait.

The video encoding apparatus 100 may variously select a
s1ze or shape of a data unit for encoding the 1mage data. In
order to encode the 1mage data, operations, such as predic-
tion encoding, transformation, and entropy encoding, are
performed, and at this time, the same data unit may be used
tfor all operations or different data units may be used for each
operation.

For example, the video encoding apparatus 100 may
select not only a coding unit for encoding the image data, but
also a data unit different from the coding unit so as to
perform the prediction encoding on the image data in the
coding unit.

In order to perform prediction encoding in the maximum
coding unit, the prediction encoding may be performed
based on a coding unit corresponding to a coded depth, e.g.,
based on a coding umit that 1s no longer split to coding units
corresponding to a lower depth. Hereinatter, the coding unit
that 1s no longer split and becomes a basis unit for prediction
encoding will now be referred to as a ‘prediction unit’. A
partition obtained by splitting the prediction unit may
include a prediction umit or a data umt obtained by splitting
at least one of a height and a width of the prediction unit. A
partition 1s a data unit having a shape 1n which the prediction
unit of the coding umit 1s divided, and the prediction unit may
be a partition having the same size as the coding unait.

For example, when a coding umt of 2Nx2N (where N 1s
a positive integer) 1s no longer split and becomes a predic-
tion unit of 2Nx2N, a size of a partition may be 2Nx2N,
2NxN, Nx2N, or NxN. Examples of a partition type include
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symmetrical partitions that are obtained by symmetrically
splitting a height or width of the prediction unit, partitions
obtained by asymmetrically splitting the height or width of
the prediction unit, such as 1:n or n:1, partitions that are
obtained by geometrically splitting the prediction unit, and
partitions having arbitrary shapes.

A prediction mode of the prediction unit may be at least
one of an intra mode, an inter mode, and a skip mode. For

example, the intra mode or the inter mode may be performed
on the partition of ZNx2N, 2NxN, Nx2N, or NxN. Also, the
skip mode may be performed only on the partition of
2Nx2N. The encoding 1s mndependently performed on one
prediction unit in a coding unit, thereby selecting a predic-
tion mode having a smallest encoding error.

The video encoding apparatus 100 may also perform the
transformation on the image data 1n a coding unit based not
only on the coding unit for encoding the image data, but also
based on a data unit that 1s diflerent from the coding unit. In
order to perform the transformation in the coding unit, the
transformation may be performed based on a transformation
unit having a size smaller than or equal to the coding unat.
For example, the transformation unit may include a trans-
formation umt for an intra mode and a transformation unit
for an nter mode.

Similarly to the coding unit, the transformation unit in the
coding unit may be recursively split into smaller sized
regions. Thus, residual data in the coding unit may be
divided according to the transformation having a tree struc-
ture according to transformation depths.

A transformation depth indicating the number of times
splitting 1s performed to reach the transformation unit by
splitting the height and width of the coding unit may also be
set 1 the transformation unit. For example, in a current
coding unit of 2Nx2N, a transformation depth may be 0
when the size of a transformation unit 1s also 2Nx2N, may
be 1 when the transformation unit size 1s NxN, and may be
2 when the transformation unit size 1s N/2xN/2. In other
words, the transformation unit having a tree structure may be
set according to transformation depths.

Encoding information according to coding units corre-
sponding to a coded depth requires not only 1nformation
about the coded depth, but also information related to
prediction encoding and transformation. Accordingly, the
coding unit determiner 120 not only determines a coded
depth having a smallest encoding error, but also determines
a partition type 1 a prediction unit, a prediction mode
according to prediction units, and a size of a transformation
unit for transformation.

Coding units according to a tree structure 1n a maximum
coding unit and a method of determining a prediction unit
and partition and a transformation unit, according to exem-
plary embodiments, will be described in detail later with
reference to FIGS. 7 through 19.

The coding unit determiner 120 may measure an encoding,
error of deeper coding units according to depths by using
Rate-Distortion Optimization based on Lagrangian multipli-
ers.

The output umt 130 outputs the 1image data of the maxi-
mum coding unit, which 1s encoded based on the at least one
coded depth determined by the coding unit determiner 120,
and iformation about the encoding mode according to the
coded depth, 1n bitstreams.

The encoded image data may be obtained by encoding
residual data of an 1mage.

The mformation about the encoding mode according to
coded depth may include information about the coded depth,
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the partition type in the prediction unit, the prediction mode,
and the size of the transformation unit.

The information about the coded depth may be defined by
using split information according to depths, which indicates
whether encoding 1s performed on coding units of a lower
depth 1nstead of a current depth. If the current depth of the
current coding unit 1s the coded depth, image data in the
current coding unit 1s encoded and output, and thus the split
information may be defined not to split the current coding
unit to a lower depth. Alternatively, 1f the current depth of
the current coding unit 1s not the coded depth, the encoding,
1s performed on the coding unit of the lower depth, and thus
the split information may be defined to split the current
coding unit to obtain the coding units of the lower depth.

If the current depth 1s not the coded depth, encoding 1s
performed on the coding unit that 1s split into the coding unit
of the lower depth. Since at least one coding unit of the
lower depth exists in one coding unit of the current depth,
the encoding 1s repeatedly performed on each coding unit of
the lower depth, and thus the encoding may be recursively
performed for the coding units having the same depth.

Since the coding units having a tree structure are deter-
mined for one maximum coding unit, and information about
at least one encoding mode 1s determined for a coding unit
of a coded depth, information about at least one encoding
mode may be determined for one maximum coding unit.
Also, a coded depth of the image data of the maximum
coding unit may be different according to locations since the
image data 1s hierarchically split according to depths, and
thus mformation about the coded depth and the encoding
mode may be set for the image data.

Accordingly, the output unit 130 may assign encoding
information about a corresponding coded depth and an
encoding mode to at least one of the coding unit, the
prediction unit, and a minimum unit mcluded 1n the maxi-
mum coding unit.

The minimum unit according to an exemplary embodi-
ment 1s a rectangular data umt obtained by splitting the
mimmum coding unit constituting the lowermost depth by 4.
Alternatively, the mimimum unit may be a maximum rect-
angular data unit that may be included 1n all of the coding
units, prediction units, partition units, and transformation
units included 1n the maximum coding unit.

For example, the encoding information output through the
output unit 130 may be classified into encoding information
according to coding units, and encoding information accord-
ing to prediction units. The encoding information according
to the coding units may include the mnformation about the
prediction mode and information about the size of the
partitions. The encoding information according to the pre-
diction units may include information about an estimated
direction of an inter mode, information about a reference
image index of the inter mode, information about a motion
vector, information about a chroma component of an intra
mode, and information about an interpolation method of the
intra mode. Also, information about a maximum size of the
coding unit defined according to pictures, slices, or groups
of pictures (GOPs), and mformation about a maximum
depth may be 1nserted mto a sequence parameter set (SPS)
or a picture parameter set (PPS).

Also, information about the maximum size of the trans-
formation unit allowed for the current video and information
about the minimum size of the transformation unit may be
output via a header of a bitstream, an SPS, or a PPS. The
output unit 130 may encode and output reference informa-
tion, single-direction prediction information, slice type
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information including a fourth slice type, etc. related to the
prediction described above with reference to FIGS. 1 to 6.

In the video encoding apparatus 100, the deeper coding
unit may be a coding unit obtained by dividing a height or
width of a coding unit of an upper depth, which i1s one layer
above, by two. In other words, when the size of the coding
unit of the current depth 1s 2Nx2N, the size of the coding
unit of the lower depth 1s NxN. Also, the coding unit of the
current depth having the size of 2Nx2N may include at most
4 coding units of the lower depth.

Accordingly, the video encoding apparatus 100 may form
the coding units having the tree structure by determiming
coding units having an optimum shape and an optimum size
for each maximum coding unit, based on the size of the
maximum coding unit and the maximum depth determined
considering characteristics of the current picture. Also, since
encoding may be performed on each maximum coding unit
by using any one of various prediction modes and transior-
mations, an optimum encoding mode may be determined
considering characteristics of the coding unit of various
1mage S1Zes.

Thus, 11 an 1mage having high resolution or a large data
amount 1s encoded 1n a conventional macroblock, a number
of macroblocks per picture excessively increases. Accord-
ingly, a number of pieces of compressed information gen-
erated for each macroblock increases, and thus it 1s difficult
to transmit the compressed imformation and data compres-
sion elliciency decreases. However, by using the wvideo
encoding apparatus 100, image compression efliciency may
be 1ncreased since a coding unit 1s adjusted while consid-
ering characteristics of an 1mage while increasing a maxi-
mum size of a coding unit considering a size of the image.

The video encoding apparatus 100 of FIG. 7 may perform
operations of the video encoding apparatus 10 described
with reference to FIG. 1.

The coding unit determiner 120 may perform operations
of the image encoder 12 of the video encoding apparatus 10.
The coding unit determiner 120 may determine a prediction
unit for intra prediction according to coding units having a
tree structure for each maximum coding unit, perform the
intra prediction in each prediction unit, determine a trans-
formation unit for transformation, and perform transforma-
tion 1n each transformation unit.

The output unit 130 may perform operations of a symbol
encoding unit 14 and a bitstream output unit 16 of the video
encoding apparatus 10. Symbols for various data units, such
as a picture, a slice, a maximum coding unit, a coding unit,
a prediction unit, and a transformation unit, are generated,
and each of the symbols 1s classified into a prefix region and
a sullix region according to a threshold value determined
based on a size of the corresponding data unit. The output
umit 130 may generate a prefix bit string and a suthx bit
string by using a binarization method determined for each of
the prefix region and the suthx region of the symbol. Any
one ol a general binarization, a unary binarization, a trun-
cated unary binarization, an exponential golomb binariza-
tion, and a fixed length binarization 1s selected to binarize
the prefix region and the suflix region, thereby generating
the prefix bit string and the suflix bit string.

The output unit 130 may perform symbol encoding by
performing arithmetic encoding determined for each of the
prefix bit string and the suflix bit string. The output unit 130
may perform symbol encoding by performing arithmetic
encoding for performing context modeling according to
locations of bits on the prefix bit string and by performing
arithmetic encoding for omitting context modeling on the
suflix bit string 1n a bypass mode.
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For example, when final coeflicient position information
ol a transformation coeflicient of the transformation unit 1s
encoded, the threshold value for classiiying the prefix bit
string and the suthix bit string may be determined according
to a size (width or height) of the transformation unit. °
Alternatively, the threshold value may be determined
according to sizes of a slice including the current transior-
mation unit, a maximum coding unit, a coding unit, a
prediction unit, etc.

Alternatively, 1t may be determined by a maximum index
of an intra prediction mode how many bits of a symbol bit
string are encoded in arithmetic encoding as the prefix bit
string through context modeling in the 1ntra prediction mode
and how many bits of the symbol bit string are encoded 1n
arithmetic encoding as the suflix bit string 1n a bypass mode.
For example, a total of 34 intra prediction modes may be
used for prediction units having sizes of 8x8, 16x16, and
32x32, a total of 17 intra prediction modes may be used for
a prediction unit having a size of 4x4, and a total of another »g
number of intra prediction modes may be used for a pre-
diction unit having a size of 64x64. In this case, since the
prediction units capable of using the same number of intra
prediction modes are regarded as having similar statistical
characteristics, a first bit from among bit strings 1n the intra 25
prediction mode may be encoded through the context mod-
cling for arithmetic encoding with respect to the prediction
units having sizes of 8x8, 16x16, and 32x32. Also, all bits
from among the bit strings 1n the intra prediction mode may
be encoded 1n the bypass mode for arithmetic encoding with 30
respect to the rest of the prediction units, that is, the
prediction units having sizes of 4x4 and 64x64.

The output unit 130 may output the bit strings generated
through the symbol encoding in the form of bitstreams.

FIG. 8 1s a block diagram of a video decoding apparatus 35
200 based on a coding unit having a tree structure, according
to an exemplary embodiment.

The wvideo decoding apparatus 200 performing video
prediction based on the coding unit having a tree structure
includes a receiver 210, an 1mage data and encoding infor- 40
mation extractor 220, and an 1image data decoder 230.

Definitions of various terms, such as a coding unit, a
depth, a prediction unit, a transformation unit, and 1nforma-
tion about various encoding modes, for various operations of
the video decoding apparatus 200, may be i1dentical to those 45
described with reference to FIG. 7 and the video encoding
apparatus 100.

The receiver 210 receives and parses a bitstream of an
encoded video. The image data and encoding information
extractor 220 extracts encoded image data for each coding 50
unit from the parsed bitstream, wherein the coding units
have a tree structure according to each maximum coding
unit, and outputs the extracted image data to the image data
decoder 230. The image data and encoding information
extractor 220 may extract mnformation about a maximum 55
size of a coding unit of a current picture from various
sources, for example, a header of the current picture, an SPS,
or a PPS.

Also, the 1image data and encoding information extractor
220 extracts information about a coded depth and an encod- 60
ing mode for the coding units having a tree structure
according to each maximum coding unit, from the parsed
bitstream. The extracted information about the coded depth
and the encoding mode 1s output to the 1image data decoder
230. In other words, the image data in a bit string 1s split into 65
the maximum coding unit so that the image data decoder 230
decodes the 1mage data for each maximum coding unait.
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The information about the coded depth and the encoding
mode according to the maximum coding unit may be set for
information about at least one coding unit corresponding to
the coded depth, and information about an encoding mode
may include information about a partition type of a corre-
sponding coding unit corresponding to the coded depth, a
prediction mode, and a size of a transformation unit. Also,
splitting information according to depths may be extracted
as the mformation about the coded depth.

The information about the coded depth and the encoding
mode according to each maximum coding unit extracted by
the 1mage data and encoding information extractor 220 1s
information about a coded depth and an encoding mode
determined to generate a minimum encoding error when an
encoder, such as the video encoding apparatus 100, repeat-
edly performs encoding for each deeper coding unit accord-
ing to depths according to each maximum coding unit.
Accordingly, the video decoding apparatus 200 may restore
an 1mage by decoding the image data according to a coded
depth and an encoding mode that generates the minimum
encoding error.

Since encoding information about the coded depth and the
encoding mode may be assigned to a predetermined data
unit from among a corresponding coding unit, a prediction
umt, and a mimmmum unit, the 1mage data and encoding
information extractor 220 may extract the information about
the coded depth and the encoding mode according to the
predetermined data umits. The predetermined data units to
which the same information about the coded depth and the
encoding mode 1s assigned may be inferred to be the data
units mcluded 1n the same maximum coding unit.

The 1mage data decoder 230 restores the current picture
by decoding the image data 1n each maximum coding umit
based on the information about the coded depth and the
encoding mode according to the maximum coding units. In
other words, the image data decoder 230 may decode the
encoded i1mage data based on the extracted information
about the partition type, the prediction mode, and the
transformation unit for each coding umt from among the
coding units having the tree structure included in each
maximum coding unit. A decoding process may include
prediction 1ncluding intra prediction and motion compensa-
tion, and inverse transformation.

The 1image data decoder 230 may perform 1ntra prediction
or motion compensation according to a partition and a
prediction mode of each coding unit, based on the informa-
tion about the partition type and the prediction mode of the
prediction unit of the coding unit according to coded depths.

Also, the 1mage data decoder 230 may perform inverse
transformation according to each transformation unit in the
coding umit, based on the information about the transforma-
tion unit according to the coding units having a tree struc-
ture, so as to perform the inverse transformation according,
to maximum coding units. A pixel value of a spatial domain
in the coding unit may be restored through the inverse
transformation.

The image data decoder 230 may determine at least one
coded depth of a current maximum coding unit by using split
information according to depths. If the split information
indicates that image data 1s no longer split in the current
depth, the current depth 1s a coded depth. Accordingly, the
image data decoder 230 may decode encoded data of at least
one coding unit corresponding to each coded depth 1n the
current maximum coding unit by using the information
about the partition type of the prediction unit, the prediction
mode, and the transformation unit size for each coding unit
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corresponding to the coded depth, and output the image data
of the current maximum coding unit.

In other words, data units containing the encoding infor-
mation including the same split information may be gathered
by observing the encoding information set assigned for the
predetermined data unit from among the coding unit, the
prediction unit, and the minimum unit, and the gathered data
units may be considered to be one data unit to be decoded
by the image data decoder 230 1n the same encoding mode.
Decoding of the current coding unit may be performed by
obtaining information about the encoding mode for each
coding unit determined in such a manner.

Also, the video decoding apparatus 200 of FIG. 8 may
perform operations of the video decoding apparatus 20
described above with reference to FIG. 2.

The receiver 210 and the image data and encoding infor-
mation extractor 220 may perform operations of the parser
22 and the symbol decoder 24 of the video decoding
apparatus 20. The image data decoder 230 may perform
operations of the symbol decoder 24 of the video decoding
apparatus 20.

The receiver 210 receives a bitstream of an 1mage, and the
image data and encoding information extractor 220 parses
symbols of image blocks from the received bitstream.

The 1image data and encoding information extractor 220
may classily a current symbol into a prefix bit string and a
suilix bit string based on a threshold value determined
according to a size of a current block. For example, when the
final coeflicient position information of the transformation
coeflicient of the transformation unit 1s decoded, the thresh-
old value for classilying the prefix bit string and the suthx
bit string may be determined according to a size (width or
height) of the transformation unit. Alternatively, the thresh-
old value may be determined according to sizes of the slice
including the current transformation unit, the maximum
coding unit, the coding unit, the prediction umt, etc. Alter-
natively, 1t may be determined by the maximum index of the
intra prediction mode how many bits of the symbol bit string
are encoded 1n arithmetic encoding as the prefix bit string
through context modeling in the intra prediction mode and
how many bits of the symbol bit string are encoded in
arithmetic encoding as the suihx bit string in the bypass
mode.

Arithmetic decoding 1s performed by using an arithmetic
decoding method determined for each of the prefix bit string
and the suihix bit string of the current symbol. Arithmetic
decoding for determining the context modeling according to
bit positions may be performed on the prefix bit string, and
arithmetic decoding for omitting the context modeling may
be performed on the suthix bit string by using the bypass
mode.

After the arithmetic decoding, inverse binarization 1s
performed according to a binarization method determined
for each of the prefix bit string and the suthix bit string. The
prefix region and the suflix region of the symbol may be
restored by performing the inverse binarization according to
the binarization method determined for each of the prefix bit
string and the suflix bit string.

The image data decoder 230 may restore 1image blocks by
performing 1nverse transformation and prediction on the
current block by using the current symbol restored through
the arithmetic decoding and the inverse binarization.

Consequently, the video decoding apparatus 200 may
obtain information about at least one coding unit that
generates the minimum encoding error when encoding 1s
recursively performed for each maximum coding unit, and
may use the mformation to decode the current picture. In
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other words, the coding units having the tree structure
determined to be the optimum coding units 1n each maxi-
mum coding unit may be decoded.

Accordingly, even 1f 1image data has high resolution and
a large amount of data, the image data may be efliciently
decoded and restored by using a size of a coding unit and an
encoding mode, which are adaptively determined according
to characteristics of the image data, by using information
about an optimum encoding mode received from an encoder.

FIG. 9 1s a conceptual diagram of coding units, according,
to an exemplary embodiment.

A s1ze of a coding unit may be expressed 1n widthxheight,
and may be 64x64, 32x32, 16x16, and 8x8. A coding unit of
64x64 may be split into partitions of 64x64, 64x32, 32x64,
or 32x32, a coding unit of 32x32 may be split into partitions
of 32x32, 32x16, 16x32, or 16x16, a coding unit of 16x16
may be split into partitions of 16x16, 16x8, 8x16, or 8x8,
and a coding unit of 8x8 may be split into partitions of 8x8,
3x4, 4x38, or 4x4.

In video data 310, a resolution 1s 1920x 1080, a maximum
s1ze ol a coding unit 1s 64, and a maximum depth 1s 2. In
video data 320, a resolution 1s 1920x1080, a maximum size
of a coding unit 1s 64, and a maximum depth 1s 3. In video
data 330, a resolution 1s 352x288, a maximum size of a
coding unit 1s 16, and a maximum depth 1s 1. The maximum
depth shown in FIG. 9 denotes a total number of splits from
a maximum coding unit to a minimum decoding unait.

If a resolution 1s high or a data amount 1s large, a
maximum size of a coding unit may be large so as to not only
increase encoding efficiency but also to accurately reflect
characteristics of an 1image. Accordingly, the maximum size
of the coding unit of the video data 310 and 320 having a
higher resolution than the video data 330 may be 64.

Since the maximum depth of the video data 310 1s 2,
coding units 315 of the video data 310 may include a
maximum coding unit having a long axis size of 64, and
coding units having long axis sizes of 32 and 16 since depths
are deepened to two layers by splitting the maximum coding
unit twice. Meanwhile, since the maximum depth of the
video data 330 1s 1, coding units 335 of the video data 330
may include a maximum coding unit having a long axis size
of 16, and coding units having a long axis size of 8 since
depths are deepened to one layer by splitting the maximum
coding unit once.

Since the maximum depth of the video data 320 1s 3,
coding units 325 of the video data 320 may include a
maximum coding unit having a long axis size of 64, and
coding units having long axis sizes of 32, 16, and 8 since the
depths are deepened to 3 layers by splitting the maximum
coding unit three times. As a depth deepens, detailed infor-
mation may be more precisely expressed.

FIG. 10 1s a block diagram of an image encoder 400 based
on coding units, according to an exemplary embodiment.

The image encoder 400 performs operations of the coding
unmit determiner 120 of the video encoding apparatus 100 to
encode 1mage data. In other words, an intra predictor 410
performs 1ntra prediction on coding units 1n an 1ntra mode,
from among a current frame 403, and a motion estimator 420
and a motion compensator 425 perform inter estimation and
motion compensation on coding units in an nter mode from
among the current frame 403 by using the current frame 405,
and a reference frame 495.

Data output from the intra predictor 410, the motion
estimator 420, and the motion compensator 425 1s output as
a quantized transformation coeflicient through a transformer
430 and a quantizer 440. The quantized transformation
coellicient 1s restored as data 1n a spatial domain through an
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inverse quantizer 460 and an 1nverse transformer 470, and
the restored data in the spatial domain 1s output as the
reference frame 495 after being post-processed through a
deblocking unit 480 (e.g., deblocker) and a loop filtering unit
490 (e.g., loop filter). The quantized transformation coetl-
cient may be output as a bitstream 4355 through an entropy
encoder 450.

In order for the image encoder 400 to be implemented in
the video encoding apparatus 100, each of the elements of
the 1mage encoder 400, e.g., the intra predictor 410, the
motion estimator 420, the motion compensator 425, the
transformer 430, the quantizer 440, the entropy encoder 450,
the inverse quantizer 460, the inverse transtormer 470, the
deblocking unit 480, and the loop filtering unit 490 perform
operations based on each coding unit from among coding
units having a tree structure while considering the maximum
depth of each maximum coding unit.

Specifically, the intra predictor 410, the motion estimator
420, and the motion compensator 425 determine partitions
and a prediction mode of each coding umt from among the
coding units having a tree structure while considering the
maximum size and the maximum depth of a current maxi-
mum coding unit, and the transformer 430 determines the
transformation unit size in each coding unit from among the
coding units having a tree structure.

In particular, the entropy encoder 450 may perform sym-
bol encoding on the prefix region and the sufhix region by
classitying a symbol into the prefix region and the suihx
region according to a predetermined threshold value and
using different binarization and arithmetic encoding meth-
ods with respect to the prefix region and the suflix region.

The threshold value for classifying the symbol to the
prefix region and the suflix region may be determined based
on sizes of data units of the symbol, for example, a slice, a
maximum coding unit, a coding unit, a prediction unit, a
transformation unit, etc.

FI1G. 11 1s a block diagram of an 1image decoder 500 based
on coding units, according to an exemplary embodiment.

A parser 310 parses encoded image data to be decoded
and information about encoding required for decoding from
a bitstream 503. The encoded 1mage data 1s output as inverse
quantized data through an entropy decoder 520 and an
inverse quantizer 330, and the inverse quantized data is
restored to 1mage data 1n a spatial domain through an inverse
transformer 540.

An 1ntra predictor 550 performs intra prediction on coding
units 1 an intra mode with respect to the image data in the
spatial domain, and a motion compensator 560 performs
motion compensation on coding units 1n an inter mode by
using a reference frame 58S.

The 1mage data in the spatial domain, which passed
through the intra predictor 550 and the motion compensator
560, may be output as a restored frame 595 aiter being
post-processed through a deblocking umt 570 (e.g.,
deblocker) and a loop filtering unit 580 (e.g., loop filter).
Also, the 1mage data that 1s post-processed through the
deblocking unit 570 and the loop filtering unit 580 may be
output as the reference frame 5885.

In order to decode the image data in the image data
decoder 230 of the video decoding apparatus 200, the image
decoder 500 may perform operations that are performed
alter the parsing performed by the parser 510.

In order for the image decoder 500 to be implemented in
the video decoding apparatus 200, each of the elements of
the 1mage decoder 500, e.g., the parser 510, the entropy
decoder 520, the inverse quantizer 330, the inverse trans-
tormer 540, the intra predictor 550, the motion compensator
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560, the deblocking unit 570, and the loop filtering unit 580
perform operations based on coding units having a tree
structure for each maximum coding unit.

Specifically, the intra predictor 550 and the motion com-
pensator 560 perform operations based on partitions and a
prediction mode for each of the coding units having a tree
structure, and the inverse transiformer 340 perform opera-
tions based on a size of a transformation unit for each coding
unit.

In particular, the entropy decoder 520 may perform sym-
bol decoding for each of a prefix bit string and a suihix bit
string by classitying the parsed symbol bit string into the
prefix bit string and the suflix bit string according to a
predetermined threshold value and using difierent binariza-
tion and arithmetic decoding methods with respect to the
prefix bit string and the suilix bit string.

The threshold value for classifying the symbol bit string
into the prefix bit string and the suflix bit string may be
determined based on sizes of data units of the symbol, for
example, a slice, a maximum coding unit, a coding unit, a
prediction unit, a transformation unit, etc.

FIG. 12 1s a diagram showing deeper coding units accord-
ing to depths and partitions, according to an exemplary
embodiment.

The video encoding apparatus 100 and the video decoding
apparatus 200 use hierarchical coding units so as to consider
characteristics of an 1mage. A maximum height, a maximum
width, and a maximum depth of coding units may be
adaptively determined according to the characteristics of the
image, or may be diflerently set by a user. Sizes of deeper
coding units according to depths may be determined accord-
ing to the predetermined maximum size of the coding unait.

In a hierarchical structure 600 of coding units, according,
to an exemplary embodiment, the maximum height and the
maximum width of the coding units are each 64, and the
maximum depth 1s 3. Here, the maximum depth denotes a
total number of times splitting 1s performed from the maxi-
mum coding unit to the mimmimum coding unit. Since a depth
deepens along a vertical axis of the hierarchical structure
600, a height and a width of the deeper coding units are each
split. Also, a prediction unit and partitions, which are bases
for prediction encoding of each deeper coding unit, are
shown along a horizontal axis of the hierarchical structure
600.

In other words, a coding unit 610 1s a maximum coding
unit 1 the hierarchical structure 600, wherein a depth 1s O
and a size, e.g., a height by width, 1s 64x64. The depth
deepens along the vertical axis, and a coding unit 620 having
a s1ze of 32x32 and a depth of 1, a coding unit 630 having
a size of 16x16 and a depth of 2, and a coding unit 640
having a si1ze of 8x8 and a depth of 3 are provided. A coding
unmit 640 having the size of 8x8 and the depth of 3 15 a
minimum coding unit.

The prediction unit and the partitions of a coding unit are
arranged along the horizontal axis according to each depth.
In other words, 1t the coding unit 610 having the size of
64x64 and the depth of 0 1s a prediction unit, the prediction
unmit may be split into partitions included 1n the encoding unit
610, c.g., a partition 610 having a size of 64x64, partitions
612 having the size of 64x32, partitions 614 having the size
of 32x64, or partitions 616 having the size of 32x32.

Similarly, a prediction unit of the coding unit 620 having
the size of 32x32 and the depth of 1 may be split mnto
partitions included in the coding unit 620, e.g., a partition
620 having a size of 32x32, partitions 622 having a size of
32x16, partitions 624 having a size of 16x32, and partitions

626 having a size of 16x16.
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Similarly, a prediction unit of the coding unit 630 having
the size of 16x16 and the depth of 2 may be split nto
partitions included in the coding unit 630, ¢.g., a partition
having a size of 16x16 included in the coding umt 630,
partitions 632 having a size of 16x8, partitions 634 having
a s1ze of 8x16, and partitions 636 having a size of 8x8.

Similarly, a prediction unit of the coding unit 640 having
the size of 8x8 and the depth of 3 may be split into partitions
included 1n the coding unit 640, e.g., a partition having a size
of 8x8 included 1n the coding unit 640, partitions 642 having
a size ol 8x4, partitions 644 having a size ol 4x8, and
partitions 646 having a size of 4x4.

In order to determine the at least one coded depth of the
coding units constituting the maximum coding unit 610, the
coding unit determiner 120 of the video encoding apparatus
100 performs encoding for coding units corresponding to
cach depth included in the maximum coding unit 610.

A number of deeper coding units classified according to
depths including data in the same range and the same size
increases as the depth deepens. For example, four coding
units corresponding to a depth of 2 are required to cover data
that 1s mncluded 1n one coding unit corresponding to a depth
of 1. Accordingly, 1n order to compare encoding results of
the same data according to depths, the coding unit corre-
sponding to the depth of 1 and four coding units correspond-
ing to the depth of 2 are each encoded.

In order to perform encoding for a current depth from
among the depths, a mimmimum encoding error may be
selected for the current depth by performing encoding for
cach prediction unit 1n the coding units corresponding to the
current depth, along the horizontal axis of the hierarchical
structure 600. Alternatively, the minimum encoding error
may be searched for by comparing the smallest encoding
errors according to depths, by performing encoding for each
depth as the depth deepens along the vertical axis of the
hierarchical structure 600. A depth and a partition having the
mimmum encoding error 1 the coding unit 610 may be
selected as the coded depth and a partition type of the coding
unit 610.

FI1G. 13 1s a diagram for describing a relationship between

a coding unmit and transformation units, according to an
exemplary embodiment.

The video encoding or decoding apparatus (e.g., 100 or
200) encodes or decodes an 1image according to coding units
having sizes smaller than or equal to a maximum coding unit
for each maximum coding unit. Sizes of transformation units
for transformation during encoding may be selected based
on data units that are not larger than a corresponding coding
unit.

For example, in the video encoding or decoding apparatus
(e.g., 100 or 200), 1T a size of the coding unit 710 15 64x64,
transformation may be performed by using the transforma-
tion units 720 having a size of 32x32.

Also, data of the coding unit 710 having the size of 64x64
may be encoded by performing the transformation on each
of the transformation units having the size of 32x32, 16x16,
8x8, and 4x4, which are smaller than 64x64, and then a
transformation unit having the least coding error may be
selected.

FIG. 14 1s a diagram for describing encoding information
of coding units according to depths, according to an exem-
plary embodiment.

The output unit 130 of the video encoding apparatus 100
may encode and transmit mnformation 800 about a partition
type, information 810 about a prediction mode, and nfor-
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mation 820 about a size of a transformation unit for each
coding unit corresponding to a coded depth, as information
about an encoding mode.

The information 800 1ndicates information about a shape
of a partition obtained by splitting a prediction unit of a
current coding unit, wherein the partition 1s a data umt for
prediction encoding the current coding unit. For example, a
current coding unit CU_0 having a size of 2Nx2N may be
split into any one of a partition 802 having a size of 2ZNx2N,
a partition 804 having a size of 2NxN, a partition 806 having
a s1ze of Nx2N, and a partition 808 having a size of NxN.
Here, the information 800 about a partition type i1s set to
indicate one of the partition 804 having a size of 2NxN, the
partition 806 having a size of Nx2N, and the partition 808
having a size of NxN.

The information 810 1ndicates a prediction mode of each
partition. For example, the information 810 may indicate a
mode of prediction encoding performed on a partition 1ndi-
cated by the information 800, e.g., an intra mode 812, an
inter mode 814, or a skip mode 816.

The information 820 1ndicates a transformation unit to be
based on when transformation i1s performed on a current
coding unit. For example, the transformation unit may be a
first intra transformation unit 822, a second intra transfor-
mation unit 824, a first inter transformation unit 826, or a
second 1nter transformation unit 828.

The image data and encoding information extractor 220 of
the video decoding apparatus 200 may extract and use the
information 800, 810, and 820 for decoding, according to
cach deeper coding unit.

FIG. 15 1s a diagram showing deeper coding units accord-
ing to depths, according to an exemplary embodiment.

Split information may be used to indicate a change of a
depth. The spilt information indicates whether a coding unit
of a current depth 1s split into coding units of a lower depth.

A prediction unit 910 for prediction encoding a coding
unit 900 having a depth of O and a size of 2N_0x2N_0 may
include partitions of a partition type 912 having a size of
2N_Ox2N_0, a partition type 914 having a size of 2ZN_0x
N_0, a partition type 916 having a size of N_Ox2N_0, and
a partition type 918 having a size of N_OxN_0. FIG. 15 only
illustrates the partition types 912 through 918 which are
obtained by symmetrically splitting the prediction unit 910,
but a partition type 1s not limited thereto, and the partitions
of the prediction unit 910 may include asymmetrical parti-
tions, partitions having a predetermined shape, and parti-
tions having a geometrical shape.

Prediction encoding is repeatedly performed on one par-
tition having a size of 2N_0x2N_0, two partitions having a
s1ze ol 2N_OxN_0, two partitions having a size of N_0x
2N_0, and four partitions having a size of N_OxN_0, accord-
ing to each partition type. The prediction encoding 1n an
intra mode and an inter mode may be performed on the
partitions having the sizes of 2N_Ox2N_0, N_Ox2N_0,
2N_OxN_0, and N_OxN_0. The prediction encoding in a
skip mode 1s performed only on the partition having the size
of 2ZN_Ox2N_0.

Errors of encoding including the prediction encoding in
the partition types 912 through 918 are compared, and the
minimal encoding error 1s determined among the partition
types. If an encoding error 1s smallest 1n one of the partition
types 912 through 916, the prediction unit 910 may not be
split mnto a lower depth.

If the encoding error 1s the smallest 1n the partition type
918, a depth 1s changed from 0 to 1 to split the partition type
918 1n operation 920, and encoding 1s repeatedly performed
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on coding units 930 having a depth of 2 and a size of
N_OxN_0 to search for a mmimum encoding error.
A prediction unit 940 for prediction encoding the coding

unit 930 having a depth of 1 and a size of 2N_1x2N_1
(=N_OxN_0) may include partitions of a partition type 942
having a size of 2N_1x2N_1, a partition type 944 having a
size ol 2N_1xN_1, a partition type 946 having a size of
N_1x2N_1, and a partition type 948 having a size of
N_IxN_1.

If an encoding error 1s the smallest in the partition type
948, a depth 1s changed from 1 to 2 to split the partition type
948 1n operation 950, and encoding 1s repeatedly performed
on coding units 960, which have a depth of 2 and a size of
N_2xN_2 to search for a minimum encoding error.

When a maximum depth 1s d, the coding unit according to
cach depth may be performed up to when a depth becomes
d-1, and split mformation may be encoded up to when a
depth 1s one of 0 to d-2. In other words, when encoding 1s
performed up to when the depth 1s d-1 after a coding unit
corresponding to a depth of d-2 1s split 1n operation 970, a
prediction unit 990 for prediction encoding a coding unit
980 having a depth of d-1 and a s1ize of 2N_(d-1)x2N_(d-1)
may include partitions of a partition type 992 having a size
of 2N_(d-1)x2N_(d-1), a partition type 994 having a size of
2N_(d-1)xN_(d-1), a partition type 996 having a size of
N_(d-1)x2N_(d-1), and a partition type 998 having a size
of N_(d-1)xN_(d-1).

Prediction encoding may be repeatedly performed on one
partition having a size of 2N_(d-1)x2N_(d-1), two parti-
tions having a size of 2N_(d-1)xN_(d-1), two partitions
having a size ol N_(d-1)x2N_(d-1), and four partitions
having a size of N_(d-1)xN_(d-1) from among the partition
types 992 through 998 to search for a partition type having
a minimum encoding error.

Even when the partition type 998 has the minimum
encoding error, since a maximum depth 1s d, a coding unit
CU_(d-1) having a depth of d—1 1s no longer split to a lower
depth, and a coded depth for the coding units constituting a
current maximum coding unit 900 1s determined to be d-1
and a partition type of the current maximum coding unit 900
may be determined to be N_(d-1)xN_(d-1). Also, since the
maximum depth 1s d and a minimum coding unit 980 having
a lowermost depth of d-1 1s no longer split to a lower depth,
split information for the minimum coding unit 980 1s not set.

A data unit 999 may be a ‘minimum umt’ for the current
maximum coding unit. A minimum unit according to an
exemplary embodiment may be a rectangular data unit
obtained by splitting a minimum coding unit 980 by 4. By
performing the encoding repeatedly, the video encoding
apparatus 100 may select a depth having the least encoding
error by comparing encoding errors according to depths of
the coding unit 900 to determine a coded depth, and set a
corresponding partition type and a prediction mode as an
encoding mode of the coded depth.

As such, the minimum encoding errors according to
depths are compared 1n all of the depths of 1 through d, and
a depth having the least encoding error may be determined
as a coded depth. The coded depth, the partition type of the
prediction umt, and the prediction mode may be encoded
and transmitted as information about an encoding mode.
Also, since a coding unit 1s split from a depth of 0 to a coded
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depth, only split information of the coded depth 1s set to 0,
and split information of depths excluding the coded depth 1s
set to 1.

The image data and encoding information extractor 220 of
the video decoding apparatus 200 may extract and use the
information about the coded depth and the prediction unit of
the coding unit 900 to decode the partition 912. The video
decoding apparatus 200 may determine a depth, 1n which

split information 1s 0, as a coded depth by using split
information according to depths, and use information about
an encoding mode of the corresponding depth for decoding.

FIGS. 16 to 18 are diagrams for describing a relationship
between coding units, prediction units, and transformation
units, according to an exemplary embodiment.

The coding units 1010 are coding units having a tree
structure, corresponding to coded depths determined by the
video encoding apparatus 100, 1n a maximum coding unit.
The prediction units 1060 are partitions of prediction units

of each of the coding units 1010, and the transformation

units 1070 are transformation units of each of the coding
umts 1010.

When a depth of a maximum coding unit 1s O in the coding,
units 1010, depths of coding units 1012 and 1054 are 1,
depths of coding units 1014, 1016, 1018, 1028, 1050, and
1052 are 2, depths of coding units 1020, 1022, 1024, 1026,
1030, 1032, and 1048 are 3, and depths of coding units 1040,
1042, 1044, and 1046 are 4.

In the prediction units 1060, some encoding units 1014,
1016, 1022, 1032, 1048, 1050, 1052, and 1054 are obtained
by splitting the coding units 1n the encoding units 1010. In
other words, partition types in the coding units 1014, 1022,
1050, and 1054 have a si1ze of 2NxN, partition types 1n the
coding units 1016, 1048, and 1052 have a s1ze of Nx2N, and
a partition type of the coding unit 1032 has a size of NxN.
Prediction units and partitions of the coding units 1010 are
smaller than or equal to each coding unait.

Transformation or inverse transiformation 1s performed on
image data of the coding umt 1052 1n the transformation
units 1070 1n a data umit that 1s smaller than the coding unit
1052. Also, the coding units 1014, 1016, 1022, 1032, 1048,
1050, and 1052 1n the transformation units 1070 are dif
from those in the prediction units 1060 1n terms of sizes and

‘erent

shapes. In other words, the video encoding and decoding
apparatuses 100 and 200 may perform intra prediction,
motion estimation, motion compensation, transformation,
and 1nverse transformation individually on a data unit in the
same coding unit.

Accordingly, encoding 1s recursively performed on each
of coding units having a hierarchical structure 1n each region
of a maximum coding unit to determine an optimum coding
unit, and thus coding units having a recursive tree structure
may be obtained. Encoding information may include split
information about a coding unit, information about a parti-
tion type, mnformation about a prediction mode, and infor-
mation about a size of a transformation unit. Table 1 shows
the encoding information that may be set by the video
encoding and decoding apparatuses 100 and 200.
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TABLE 1

Split Information O

30

Split

(Encoding on Coding Unit having Size of 2N x 2N and Current Depth of d) Information 1

Prediction Partition Type Size of Transformation Unit
Mode
Intra Symmetrical Asymmetrical Split Split
Inter Partition Partition Information O  Information 1
Type Type of of
Transformation Transformation
Unit Unit
Skip 2N x 2N 2N x nU 2N x 2N N x N
(Only 2N x N 2N x nD (Symmetrical
2N x 2N) N x 2N nl x 2N Type)
N x N nR x 2N N/2 x N/2
(Asymmetrical
Type)

The output unit 130 of the video encoding apparatus 100
may output the encoding information about the coding units
having a tree structure, and the image data and encoding
information extractor 220 of the video decoding apparatus
200 may extract the encoding information about the coding
units having a tree structure from a received bitstream.

Split information indicates whether a current coding unit
1s split into coding units of a lower depth. It split information
of a current depth d 1s 0, a depth, 1n which a current coding
unit 1s no longer split into a lower depth, 1s a coded depth,
and thus mnformation about a partition type, prediction mode,
and a size of a transformation unit may be defined for the
coded depth. If the current coding umt 1s further split
according to the split information, encoding 1s 1ndepen-
dently performed on four split coding units of a lower depth.

A prediction mode may be one of an intra mode, an inter
mode, and a skip mode. The intra mode and the inter mode
may be defined 1n all partition types, and the skip mode 1s
defined only 1n a partition type having a size of 2ZNx2N.

The information about the partition type may indicate
symmetrical partition types having sizes of 2ZNx2N, 2NxN,
Nx2N, and NxN, which are obtained by symmetrically
splitting a height or a width of a prediction unit, and
asymmetrical partition types having sizes of 2NxnU,
2NxnD, nLLx2N, and nRx2N, which are obtained by asym-
metrically splitting the height or width of the prediction unait.
The asymmetrical partition types having the sizes of 2NxnU
and 2NxnD may be respectively obtained by splitting the
height of the prediction unit in 1:3 and 3:1, and the asym-
metrical partition types having the sizes of nLx2N and
nRx2N may be respectively obtained by splitting the width
of the prediction unit 1n 1:3 and 3:1.

The transformation unit s1ze may be set to be two types in
the ntra mode and two types 1n the inter mode. In other
words, 1f split information of the transformation unit 1s 0, the
transformation unit size may be 2ZNx2N, which 1s the size of
the current coding umt. If split information of the transior-
mation unit 1s 1, the transformation units may be obtained by
splitting the current coding unit. Also, if a partition type of
the current coding unit having the size of 2Nx2N 1s a
symmetrical partition type, a size of a transformation unit
may be NxN, and 1t the partition type of the current coding
unit 1s an asymmetrical partition type, the transformation
unit size may be N/2xN/2.

The encoding information about coding umts having a
tree structure may include at least one of a coding unit
corresponding to a coded depth, a prediction unit, and a
mimmum unit. The coding unit corresponding to the coded
depth may include at least one of a prediction unit and a
mimmum unit containing the same encoding information.
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Accordingly, 1t 1s determined whether adjacent data units
are 1mcluded in the same coding unit corresponding to the
coded depth by comparing encoding information of the
adjacent data units. Also, a corresponding coding unit cor-
responding to a coded depth 1s determined by using encod-
ing information of a data unit, and thus a distribution of
coded depths 1n a maximum coding unit may be determined.

Accordingly, if a current coding unit 1s predicted based on
encoding information of adjacent data units, encoding infor-
mation of data units 1n deeper coding units adjacent to the
current coding unit may be directly referred to and used.

Alternatively, 1f a current coding unit 1s predicted based
on encoding information of adjacent data units, data units
adjacent to the current coding unit are searched using
encoded information of the data units, and the searched
adjacent coding units may be referred to for predicting the
current coding unit.

FIG. 19 1s a diagram for describing a relationship between
a coding unit, a prediction unit, and a transformation unit
according to encoding mode information of Table 1.

A maximum coding unit 1300 includes coding units 1302,
1304, 1306, 1312, 1314, 1316, and 1318 of coded depths.
Here, since the coding unit 1318 1s a coding unit of a coded
depth, split information may be set to 0. Information about
a partition type of the coding unit 1318 having a size of
2Nx2N may be set to be one of a partition type 1322 having
a size of 2Nx2N, a partition type 1324 having a size of
2NxN, a partition type 1326 having a size of Nx2N, a
partition type 1328 having a size of NxN, a partition type
1332 having a size of 2NxnlU, a partition type 1334 having
a size of 2NxnD, a partition type 1336 having a size of
nlLx2N, and a partition type 1338 having a size of nRx2N.

Split information (TU size flag) of a transformation unit
1s a kind of a transformation index, and a transformation unit
s1ze corresponding to the transformation index may vary
according to a type of the prediction unit or the partition of
the coding unit.

For example, when the partition type i1s set to be sym-
metrical, e.g., the partition type 1322, 1324, 1326, or 1328,
a transformation unit 1342 having a size of 2Nx2N 1s set 1f
the split information of the transformation unit 1s 0, and a
transformation unit 1344 having a size of NxN 1s set ifa TU
size tlag 1s 1.

When the partition type 1s set to be asymmetrical, e.g., the
partition type 1332, 1334, 1336, or 1338, a transiormation
unit 1352 having a size of 2Nx2N 1s set 1f a TU size tlag 1s
0, and a transformation unit 1354 having a size of N/2xN/2
1s set 1f a TU size flag 1s 1.

Referring to FIG. 19, the TU size flag 1s a flag having a
value of O or 1, but the TU size flag 1s not limited to 1 bat,
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and a transformation unit may be hierarchically split having
a tree structure while the TU size flag increases from 0. The
TU size tlag may be used as an exemplary embodiment of
the transformation index.

In this case, 11 split information of the transformation unit
1s used together with the maximum transformation unit size
and the minimum transformation unit size, the transtforma-
tion unit size that 1s actually used may be expressed. The
video encoding apparatus 100 may encode maximum trans-
formation unit size information, minimum transformation
unit size information, and maximum transformation unit
split information. The encoded maximum transformation
unit size information, minimum transformation unit size
information, and maximum transformation unit split infor-
mation may be inserted into an SPS. The video decoding
apparatus 200 may perform video decoding by using the
maximum transformation unit size information, the mini-
mum transformation unit size information, and the maxi-
mum transformation unit split information.

For example, 1f a current coding unit has a size of 64x64
and the maximum transformation unit size 1s 32x32, when
the transformation unit split information 1s 0, a transforma-
tion unit size may be set to 32x32, when the transformation
unit split information 1s 1, the transformation unit size may

be set to 16x16, and when the transformation unit split
information 1s 2, the transformation unit size may be set to
8X3.

Alternatively, 11 the current coding unit has a size of
32x32 and the minimum transformation unit size 1s 32x32,
when the transformation unit split information 1s 1, the
transformation unit size may be set to 32x32, and since the
transformation unit size 1s equal to or larger than 32x32, no
more transiformation unit split information may be set.

Alternatively, 1f the current coding unit has a size of
64x64 and the maximum transformation unit split informa-
tion 1s 1, the transformation unit split information may be set
to 0 or 1, and other transformation unit split information may
not be set.

Accordingly, 1f maximum transformation unit split infor-
mation 1s defined as ‘MaxTranstformSizelndex’, 11 a mini-
mum transformation unit size 1s defined as ‘MinTransform-
Size’, and 1 a transformation unit size 1s defined as
‘RootTuSize’ when the transformation unit split information
1s 0, ‘CurrMinTuSi1ze’ which 1s a minimum transformation
unit size available 1n the current coding unit may be defined
by formula (1) below:

CurrMinTuSize = max(MinTransformSize, FORMULA 1

RootTuSize/ (2" MaxTransformSizelndex))

Compared to ‘CurrMinTuSize” which 1s the minimum
transformation unit size available in the current coding unat,
‘RootTuSize’ which 1s a transformation unit size when the
transformation umt split information 1s 0 may represent a
maximum transformation unit size that may be adopted 1n a
system. In other words, according to formula (1), ‘Root-
TuSize/(2"MaxTransformSizelndex)’ i1s a transformation
unit size 1 which ‘RootTuSi1ze’ 1s split a number of times
corresponding to the maximum transformation unit split
information and ‘MinTransformSize’ 1s a minimum trans-
formation unit size, and thus a smaller value from among
‘RootTuSize/(2"Max TransformSizelndex)’ and ‘MinTrans-
formSi1ze” may be ‘CurrMinTuSi1ze” which 1s the minimum
transformation unit size available 1n the current coding unat.
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The ‘RootTuSize” which 1s the maximum transformation
unit size may vary according to a prediction mode.

For example, if a current prediction mode i1s an inter
mode, the ‘RootTuSize’ may be determined according to
formula (2) below. In formula (2), ‘MaxTransformSize’
denotes a maximum transformation unit size, and ‘PUSi1ze’
denotes a current prediction unit size.

RootTuSize=min(Max TransformSize, PUS1ze) FORMULA 2

In other words, i1 the current prediction mode 1s an inter
mode, the ‘RootTuS1ze’ which 1s a transformation unit size
when the transformation unit split information 1s O may be
set to a smaller value from among the maximum transfor-
mation unit size and the current prediction unit size.

If a prediction mode of a current partition unit 1s an intra
mode, the ‘RootTuSize’ may be determined according to
formula (3) below. ‘PartitionS1ze’ denotes a current partition
unit size.

RootTuSize=min(Max TransformSize,PartitionSize) = FORMULA 3

In other words, 11 the current prediction mode 1s an 1ntra
mode, the ‘RootTuS1ze” may be set to a smaller value from
among the maximum transformation umt size and the cur-
rent partition umt size.

However, the current maximum transformation unit size
‘RootTuSize’ varying according to a prediction mode of the
partition unit 1s just an example, and a factor for determining,
the current maximum transformation unit size 1s not limited
thereto.

Image data of a spatial domain 1s encoded for each coding
umt having a tree structure by using a video encoding
method based on the coding units having a tree structure
described above with reference to FIGS. 7 to 19, and
decoding 1s performed on each maximum coding umt by
using a video decoding method based on the coding units
having a tree structure, and thus the image data of the spatial
domain 1s restored, thereby restoring a video which 1s a
picture and a picture sequence. The restored video may be
reproduced by a reproducing apparatus, may be stored 1n a
storage medium, or may be transmitted via a network.

The exemplary embodiments may be written as computer
programs and may be implemented 1n general-use digital
computers that execute the programs using a computer
readable recording medium. Examples of the computer
readable recording medium include magnetic storage media
(e.g., ROM, floppy disks, hard disks, etc.) and optical
recording media (e.g., CD-ROMs, or DVDs).

While the disclosure has been particularly shown and
described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill 1n the art that
various changes 1 form and details may be made therein
without departing from the spirit and scope of the exemplary
embodiments as defined by the appended claims. The exem-
plary embodiments should be considered in a descriptive
sense only and not for purposes of limitation. Therefore, the
scope of the exemplary embodiments 1s defined not by the
detailed description of the exemplary embodiments but by
the appended claims, and all differences within the scope
will be construed as being included i1n the exemplary
embodiments.

What 1s claimed 1s:
1. An apparatus for decoding a video, the apparatus
comprising at least one processor configured to:
obtain a prefix bitstring of a last coetlicient location of a
transformation block by performing context-based
arithmetic decoding on a received bitstream;
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when the prefix bitstring 1s greater than a predetermined
value, obtain, from the bitstream, a sullix bitstring
according to a bypass mode;

perform 1nverse binarization on the prefix bitstring
according to a truncated binarization scheme to obtain
an inverse-binarized prefix;

perform 1nverse binarization on the suihix bitstring
according to a fixed-length binarization scheme to
obtain an inverse-binarized sufhix; and

reconstruct a symbol indicating the last coeflicient loca-
tion of the transformation block by using the mnverse-
binarized prefix and the inverse-binarized suthx,

wherein a range of a value of the inverse-binarized prefix
1s determined based on a size of the transformation
block and a range of a value of the inverse-binarized
sullix 1s determined based on the value of the inverse-
binarized prefix,

wherein a value of the symbol indicating the last coetfli-
cient location of the transformation block 1s recon-
structed by using the value of the inverse-binarized
prefix and the value of the inverse-binarized suilix, and

wherein the context-based arithmetic decoding 1s per-
formed by using a context index determined based on
the size of the transformation block and a bin index of
the prefix bitstring.
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